A new immunoblotting method is described for the detection of Bence Jones proteinuria by the routine laboratory. Unconcentrated urine specimens are subjected to electrophoresis on agarose gels. Separated proteins are transferred to a nitrocellulose membrane and the immunoglobulins located and identified by horseradish-peroxidase double-antibody staining. The new method has been compared with that used routinely, and an improved rate of detection of both Bence Jones protein and intact urinary monoclonal immunoglobulin has been obtained. Among urine specimens received for routine testing for Bence Jones protein from 83 patients, 64 monoclonal components were found by the new technique compared with 45 by the method used routinely. Other advantages ofthe new procedure include: no need to concentrate urine specimens before electrophoresis; unlike immunofixation, the proteins may be detected successfully over a wide concentration range without using several specimen or antibody dilutions; and interpretation is easier.
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The detection of Bence Jones proteinuria provides important diagnostic and prognostic information in B-cell malignancies;' Modern detection methods involve initial electrophoresis of the urine protein, which may need to be concentrated several hundred-fold beforehand.f Any discrete band seen in, or between, the alpha-1 and gamma regions on general protein staining is then investigated further by immunoelectrophoresis or immunofixatiorr' to establish whether it is comprised of only kappa or lambda light chains. Intact monoclonal immunoglobulins, which may also be present in the urine, are detected by use of anti-heavy-chain antisera. Although this approach to detection is used by most laboratories, it has several disadvantages. The concentration step is time-consuming, may result in protein loss and is also expensive when modem disposable cells are employed." Immunofixation, which has overtaken immunoelectrophoresis for definitive detection of Correspondence: Professor F V Flynn, Department of Chemical Pathology, University College Hospital, Gower Street, London WCIE 6AU, UK. monoclonal cornponents.i requires careful choice of the relative concentrations of antibody and paraprotein to avoid false-negative results. Even then, marked distortion of detected bands due to pro-zone effect.s remains a common problem. 1-The complexity of the mixture of paraproteins excreted by many patients adds to the difficulties of interpretation, and considerable experience is needed to interpret findings correctly.
The present study was designed to establish whether the combination of blotting onto nitrocellulose and a sensitive enzyme-linked immunodetection system would eliminate the need for urine concentration prior to electrophoresis, even with specimens containing very small quantities of Bence Jones protein.
The aim has been to develop a procedure which would be suitable for both screening and identification of paraproteins. Recent studies of immunoblotting and enzyme-conjugated antibody have already shown potential in this area. b--9
The new technique described here has been compared with a routine method which is commonly used to detect Bence Jones protein, and shown to be more sensitive and faster.
Materials and methods
Random and 24-h collections of urine received for testing for Bence Jones protein by the routine laboratory were examined by (a) the routine procedure, involving protein concentration, electrophoresis and immunofixation, and (b) the new immunoblotting procedure, in which unconcentrated urine was subjected to electrophoresis, nitrocellulose blotting and immunoperoxidase staining.
Urine specimens from 83 patients were studied. Sodium azide was added to a final concentration of 0·02 gIL and specimens were kept at 4°C for not more than one week before analysis. Total urinary protein was determined by a minor modification of the method of Meulemans.l'' ROUTINE PROCEDURE Urine specimens were concentrated to 5 g/L total protein using 'Miniconf B-15' concentrators (Amicon Ltd, Stonehouse, Glos, UK) or diluted to this level with 9·0 g/L sodium chloride. Where the initial urine protein concentration was below the lower limit of detection «0·02 g/L), urine was concentrated 4OO-fold.
Aliquots of urine (10 J-lL) were applied to 'ParagonTM SPE2' agarose gels, subjected to electrophoresis at 100 volts for 40 min and stained for protein with 'ParagonTM Violet' dye as described by the manufacturer (Beckman Instruments plc, High Wycombe, Bucks, UK). Results were interpreted by reference to electrophoretic patterns of both normal serum and the patient's serum.
When a band which might have been a Bence Jones protein or other paraprotein was found, immunofixation was performed. Urine concentrates, diluted in 9·0 g/L sodium chloride where necessary, were applied to Beckman 'SPE' gels in 10 J-lL aliquots and subjected to electrophoresis at 100 volts for 25 min. Immunofixation was carried out by a minor modification of the method of Whicher, Hawkins and Higginson.l using rabbit-anti-human kappa (A191), lambda (A193), gamma (A090), alpha (A262) and mu (A091) antisera as appropriate (Dako Ltd, High Wycombe, Bucks, UK).
NEW IMMUNOBLOTTING PROCEDURE
Urine aliquots (10 J-lL) were applied without preliminary concentration or dilution to Beckman 'ParagonTM SPE2' gels. After electrophoresis for 40 min as described above, a blotting procedure, modified from Norden, Fulcher and Flynn" was carried out. Two Schleicher and Schuell, 0·45 micron, BA85 nitrocellulose membranes (Anderman and Co., Kingston-on-Thames, Surrey, UK) were cut to the same size as the gel and dampened with 'TBS' buffer (20 mmol/L tris, 0·5 mol/L sodium chloride titrated to pH 7·50 with hydrochloric acid). Immediately after electrophoresis, the gel was blotted for 2-3 s with one of the nitrocellulose membranes which was then discarded. The second membrane was applied to the gel without trapping air bubbles. One layer of Whatman No. 1 paper (Whatman Ltd, Maidstone, Kent, UK) dampened in TBS was placed on the nitrocellulose, followed by eight layers of dry Whatman 3MM paper. A glass sheet was placed over the papers and held down with a 2 kg weight for 40 min at room temperature.
After blotting, the nitrocellulose membrane was placed in 25 mL of 10 giL gelatin (Bio-Rad Ltd, Watford, Herts, UK) in TBS for 10 min. The membrane was then dried briefly on filter paper and covered with a first antibody solution of rabbit-anti-human kappa (Dako A191) or lambda (A193) or heavy chain antiserum (0·1 mL antiserum in 6 mL of 10 g/L gelatin in TBS) for 30 min. After a 5-min wash in TBS (50 mL), the membrane was placed in a dish containing a 1:1200 dilution of horseradishperoxidase (HRP)-conjugated goat-anti-rabbit IgG (Bio-Rad 17D-6515) in 10 giL gelatin in TBS for 40 min. It was then washed in 50 mL of TBS for 5 min. Colour development was in a solution of 50 mL TBS to which had been added 30 mg HRP development reagent (Bio-Rad 17D-6534) in 10 mL cold methanol and 30 J-lL '100 Vol' hydrogen peroxide. After 20-30 min, the membrane was washed in water and dried in air. Membranes were protected from light during, and after, colour development. At all stages membranes were contained in 15 cm glass Petri dishes which were rotated at 1 rev/2 s, except during colour development. Figure 1 shows the typical app~arance of immunoblots of kappa and lambda Bence Jones proteins. The pattern of polyclonallight chains, both alone ( Fig. 1c ) and accompanying Bence Jones protein (Fig. 1d) is also shown. Figure 2 shows the presence of a kappa Bence Jones protein and intact monoclonal immunoglobulin in the urine of a patient with A comparison of the number of paraproteins found by the routine method and the new technique is shown in Table I. In specimens from 83 patients, four Bence Jones proteins and 16 intact immunoglobulins were missed by the routine procedure, but were detected by the new method. However. one Bence Jones pro-
Results

Discussion
The results presented show that the new imrnunoblotting method improves the rate of tein detected by immunofixation was only seen on the immunoblots when these were reexamined. In a specimen from another patient. the gamma heavy chain of a monoclonal intact immunoglobulin was initially missed on immunofixation, although it was seen by immunoblotting. Overall, 64 monoclonal components were found by immunoblotting compared with 45 by immunofixation. When specimens from several patients without paraproteinuria. but with haernaturia, bacteriuria or pyuria were examined. no bands which might be due to endogenous peroxidase activity were seen. The presence of those paraproteins newly identified by immunoblotting was confirmed subsequently by an isoelectric focusing procedure."
The total protein concentration of samples included in this study ranged from less than 0·02 giL up to 7·8 giL. Figure 3 shows a comparison of the methods of detection. Immunoblotting could detect a lambda Bence Jones protein. originally present at a concentration of approximately 0·57 gIL. when it was diluted 10 oon-fold. A dilution of lOO-fold was just detected by protein staining and a dilution of loon-fold by immunofixation. The detection limit of immunoblotting corresponds to 0·6 ng (60 J.lgIL) of this Bence Jones protein. Sensitivity of a similar order «I ng) was found on specimens from four other patients. detection of Bence Jones protein and of intact urinary monoclonal immunoglobulins. In the series of urine specimens from 83 patients, 20 monoclonal bands were found by immunoblotting which were not found by the routine procedure; 16 of these were intact immunoglobulins which stained for both light and heavy chain determinants and four were Bence Jones proteins.
The improvement in the rate of detection is attributed to avoidance of protein loss on ultrafiltration" and the increased sensitivity of the double antibody staining method (Fig. 3 ). However, one monoclonal band was found by our routine immunofixation procedure and initially missed by immunoblotting. This was a faint lambda Bence Jones protein in a specimen which contained substantial amounts of polyclonal gamma globulins; the latter were seen by both methods. The presence of the lambda Bence Jones protein was confirmed by the isoelectric focusing procedure. 9 The rate of detection of intact immunoglobulins in urine was increased to a greater extent by immunoblotting combined with electrophoresis, as shown in Table 1 , than by immunoblotting combined with isoelectric focusing." This is probably because isoelectric focusing usually separates intact immunoglobulins, but only occasionally Bence Jones proteins, into numerous bands with slightly different isoelectric points. This will lessen the chance of a faint immunoglobulin band being detected.
When electrophoresis is used to screen specimens and the mobility of a Bence Jones protein or an intact monoclonal immunoglobulin coincides with a non-immunoglobulin band in the alpha or beta region, Bence Jones proteinuria may be missed because immunofixation may not be carried out. In this study, two of the four additional Bence Jones proteins, and one of the 16 additional intact immunoglobulins, were not recognised on the original electrophoretic strip for this reason.
The immunoblotting technique uses equipment which most laboratories already possess, requires less skill than immunofixation and gives results which are easier to interpret. If one quarter of specimens require immunofixation after initial screening, the average cost of consumables per request is virtually the same for the new method and that in current use. The procedure is completed in about 3·5 h, compared with a minimum of 6 h for urine concentration, electrophoresis and immunofixation.
Several alternative methods for the detection of Bence Jones protein have been described recently.": 8, 11 It is not possible to compare the merits of these with the new method proposed here because these reports were based on a very limited number of specimens. The results we have presented suggest that immunoblotting is an attractive alternative to current routine procedures for detecting Bence Jones protein in the routine chemical pathology laboratory and may be the future method of choice. 
